An optical solution for, and the general design of an electron collector (EC) for a Gatling gun Test Stand are described. The purposes of this development were to reduce the power load on the electron gun's high-voltage power supply, and to eliminate the back-streaming of electrons from the dump into the ultra-high-vacuum region of the beam line and the gun chamber, thereby preventing vacuum degradation. The challenge is solved by creating an effective biased "black box" on the cathode terminal for all electrons, and by assuring the vacuum separation of the EC's volume from the beam line.
I. INTRODUCTION
BNL is developing a future electron-ion collider, eRHIC [1-2], utilizing a polarized electron source based on a gun with multiple photocathodes (i.e., a Gatling gun) driven by IR lasers with circular polarization [3] [4] [5] . The electron bunches from individual cathodes will be directed to a common beam-line axis by a fast combiner with rotating magnetic field [6] . A stand for testing the Gatling gun that encompasses the major elements of the preinjector: an electron gun, and a combiner is under development. The electron beam itself will be used only for testing the performance of these major units. This application will allow us to decelerate the electron beam, to nearly the cathode potential at the electron collector (EC). Collecting the electron beam at a low energy reduces the gas load in the vacuum chamber. Effectively trapping all the electrons, primary, secondary, and backscattered ones, reduces the power load on the gun's highvoltage power supply, and lowers the gas load caused by the returned electrons. This design also * Work supported under the auspices of the US Department of Energy and the National Aeronautics and Space Administration. † pikin@bnl.gov should diminish the probability of high-voltage discharges in the gun's chamber. Considering that the quantum efficiency and the charge life time of the photocathodes depend upon the vacuum conditions in the gun chamber, implementing the depressed electron collector seems very beneficial for the gun's overall performance. Fig.1 is a general schematic of the Gatling gun's test stand. The depressed collector with its power supplies and the NEG pump are mounted on a separate platform that is biased by approximately +20 kV with respect to the cathode's potential. The purpose of having this bias power supply is to drive the electron beam's current with its energy spread back to the cathode potential. The electron current, which is dissipated in the EC, is a load on the collector bias power supply. Therefore, to assure effective electron collection, the maximum voltage of this power supply should be greater than the expected electron energy spread, and its maximum output current should be larger than the expected electron current of the beam. Aluminum is a preferred material for the internal wall of the collector because its backscattering coefficient is lower than that of materials containing heavier elements, like copper. The NEG pump, mounted behind the electron reflector, has large vacuum conductance to the electron collector's internal volume. It is equipped with a gate valve and an angle valve for nondisruptive activation.
II. DESIGH AND OPTICAL SOLUTION
The combination of the entrance diaphragm with its limited aperture and a NEG pump creates an efficient vacuum separation of the electron collector's volume from that of the electron gun.
III. SIMULATION OF THE ELECTRON COLLECTOR A. Electric field simulation
The cathode voltage (U cath ) is defined as a potential difference between the cathode of the gun and the grounded anode. The collector's voltage (U col ) is defined as a potential difference between the electron collector and the cathode of the gun. The electron reflector's electrode and suppressing ring are connected, and their potential (U refl ) also is referenced to the cathode.
Electric field distribution was simulated with the ESTAT program of Field Precision [7] ; Fig 3 shows the result for the area with the highest electric field. U col =15.0 kV, U refl = -5 kV.
As expected, the returned current of the primary electron beam depends on the collector's voltage, U col .
Here, we define the efficiency of the absorption of the primary electron beam by the collector as the ratio of the absorbed primary electron current (I col ) on the collector to the total initial electron current (I start ). Fig.5 illustrates the simulated dependence of the efficiency of the electron absorption on the collector voltage. It is evident that with the electron collector' voltage above 15 kV, practically all primary electrons are absorbed within its volume.
C. Backscattered electrons
These simulations encompassed some conservative assumptions. Our aim was identifying an optical solution assuring that the secondary particles are completely blocked. In these simulations, we conservatively assumed that the energy of backscattered electrons was 90% of that of the primary electrons. The coefficient of backscattering was taken as 0. In this simulation, none of 500 particles passed through the entrance diaphragm into the beam line.
D. Secondary electrons
In this set of simulations, the energy range of the secondary electrons was within 1 ÷ 50 eV; we assumed a uniform energy spectrum within this range. The starting point of secondary electrons and the angular distribution was taken the same as for the backscattered electrons. The coefficient of secondary electron emission was taken as 1.5 for the entire range of primary electron energy. The result is presented in Fig. 7 . The trajectories of the secondary electrons are barely visible because they are very short. Their propagation within EC volume effectively is inhibited by the radial electric field generated by the suppressing ring and the electron reflector. None of 500 generated particles escaped through the entrance diaphragm.
IV. CONCLUSION
We presented a design for a depressed electron collector for a XHV vacuum-polarized electron gun. The design allows us to use a low-power HV power supply, so reducing power dissipation in the beam dump, and thus meeting allowing for the requirement for an extremely good vacuum. The energy of the primary electrons hitting the surface of the electron collector is lowered almost to the electron energy's spread. With a collector voltage higher than the primary electron's energy spread, the returned primary electron current does not exceed 0.1% of the primary electron beam's current. The escape of the secondary-and backscattered electrons into the beam pipe virtually is eliminated. The design of EC with a small entrance aperture and autonomous NEG pump assures an efficient vacuum separation of the electron collector from the transport line and the electron gun chamber.
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